Gastrointestinal cancers have a complex and multifactorial etiology and their immediate cause remains to be discovered. Elements such as zinc, copper or manganese, which are important components of antioxidant enzymes, may affect malignant processes.
INTRODUCTION
Gastrointestinal cancers have a complex and multifactorial etiology and their immediate cause remains to be discovered. Nowadays, neoplasms are believed to be induced by DNA damage resulting in mutations and abnormalities of cell division. Previous studies have demonstrated that inflammatory states and cancerous processes are associated with the so-called oxidative stress, or imbalance between the generation of reactive oxygen species and antioxidant concentrations as well as the response of defense enzymes (BARTOSZ 2006 , ZYSKA, KUCHARZEWSKI 2007 .
Such chemical elements as for instance zinc, copper or manganese, constitute important components of antioxidant enzymes; they are involved in DNA biosynthesis and stimulate the immune system; consequently, they may affect cancerous processes (PUZANOWSKA-TARASIEWICZ et al. 2009 ). Zinc has anticancer properties; its antiproliferative and proapoptotic effect has been demonstrated in in vitro studies. The antioxidant effect of zinc is also relevant. Zinc ions protect protein sulfhydryl groups against oxidation. Its antioxidant effect is also associated with the induction of metallothioneins, i.e. proteins with the capacity to remove reactive oxygen species (KNYCHALSKA-KARWAN et al. 1999 , ZABOROWSKA et al. 2005 , BARTOSZ 2006 ). An essential component of Cu/Zn superoxide dismutase, zinc is involved in the elimination of free radicals.
Copper may impair DNA synthesis by displacing zinc necessary to the process. Deficiency of this element also affects the elements of antioxidant defense system in a direct as well as indirect manner (OLSZEWSKI et al. 2003 , YAMAN et al. 2007 , HADI et al. 2010 .
Copper is a cofactor in Cu/Zn superoxide dismutase (CuZnSOD) crucial to the process of removing free radicals. Low copper concentrations cause decreased activity of CuZnSOD, CAT, GPx, ceruloplasmin and glutathione (BERGER et al. 2001 , SKRZYCKI et al. 2008 . Copper may be a diagnostic factor in the cancerous process -persistent lack of changes in serum copper concentrations is a good prognostic factor while elevated copper levels may be a sign of the recurrence of malignancy (DOBROWOLSKI et al. 2000 , DARADÓ et al. 2005 .
A component of superoxide dismutase (Mn-SOD), manganese is involved in the process of eliminating free radicals generated during metabolic changes in cells (NOZOE et al. 2003 , KOT, ZARÊBA 2005 .
The objective of the study was to determine zinc, copper and manganese concentrations in the blood, cancerous and healthy control tissues of patients operated on for gastrointestinal malignancies as well as to assess the effect of surgical removal of the tumour on the concentration of these elements.
MATERIALS AND METHODS
The study included 68 patients operated on for gastrointestinal malignancies at the Second General, Gastroenetrology and Digestive Neoplasm Surgery Clinic in the teaching clinical hospital SPSK1 in Lublin.
Control blood samples were collected from 21 healthy people undergoing regular checkups.
The study was approved by the Bioethics Committee at the Medical University in Lublin (decision no. KE-0254/222/2007).
Patients were divided into three groups according to tumour location: group I -oesophageal cancer (10 subjects), group II -gastric cancer (35 subjects) and group III -colorectal cancer (23 subjects).
Blood samples were collected before the surgery and on the seventh day after the surgery. Two tissue samples were also obtained from each subject during the surgical treatment: one from cancerous tissue and a control sample from a most distant margin of healthy tissue.
Concentrations of zinc (Zn), copper (Cu) and manganese (Mn) were determined in the plasma and in tissue homogenates by the atomic absorption spectroscopy method (AAS) with the use of a Pye-Unicam atomic absorption spectrophotometer.
Samples of plasma or tissue (0.5 g) were placed in quartz crucibles and dried at 80-90 o C for twelve hours. Next, they were ashed in a muffle furnace at 450 o C. The ash was dissolved in a 5% HCl solution, placed in volumetric flasks and filled up to a defined volume with double-distilled water.
Quantifications were made at wavelengths specific to particular elements, i.e. 213.856 nm for Zn; 324.754 nm for Cu; 257.610 nm for Mn. Plasma concentrations of the elements were given in µmol l -1 , and tissue concentrations in µg g -1 protein.
The software package Statistica v. 7.1 was used to perform statistical analysis of the results of the study.
RESULTS AND DISCUSSION
Plasma copper concentrations in the subjects ranged between 7.66 and 11.53 µmol l -1 and they were statistically lower than in the control group (15.40 µmol l -1 ) both prior to and after the surgery. Zinc concentrations before the surgery were similar to those on the seventh day after the surgery; statistically significant differences were observed in groups II and III (Table 1) . Moreover, statistically significant differences (p<0.05) were observed in zinc concentrations in all the three groups of patients in relation to the tumour location.
Similar results have been obtained in the study by DROZDA et al. (2008), where characteristically lower zinc concentrations were detected in the plasma of patients suffering from sigmoid colon cancer or rectal cancer compared with the control group.
Zn concentrations in cancerous tissues ranged between 1.39 and 2.79 µg g -1 protein and were lower than in control tissues (1.43-3.22 µg g -1 protein). No appreciable differences were observed in cases of oesophageal cancer, while Zn levels in cancerous tissues were lower than in control tissues in colorectal cancer in a statistically significant way (Table 2) . This confirms the results obtained by REDDY et al. (2000 REDDY et al. ( , 2003 for gastric and kidney malignancies. Lower zinc concentrations in laryngeal cancer were also detected by NIEDZIELSKA et al. (2000) . e  g  a  h  p  o  s  e  o  r  o  f  y  r  e  g  r  u  s  g  n  i  o  g  e  r  d  n  u  s  t  n  e  i  t  a  p  n  i  n  o  i  t  a  r  t  n  e  c  n  o  c  n  Z  a  m  s  a  l  P  )  I  I  I  (  r  e  c  n  a  c  l  a  t  c  e  r  o  l  o  c  d  n  a  )  I  I  (  c  i  r As a component of Cu/Zn superoxide dismutase, zinc is involved in the process of inactivation of reactive oxygen species. Plasma zinc concentrations change when metabolic activity of the body is increased; a decline is observed in malignancies in various locations (NIEDZIELSKA et al. 2000 , DROZ-DA et al. 2008 . Low zinc levels both in plasma and in cancerous tissues may be linked to partial depletion of antioxidant barrier in oxidative stress, i.e. cancer.
Plasma copper concentrations in subjects were within the normal range except for group I, in which the average plasma copper concentration before the surgery was markedly lower and amounted to 44.7 µmol l -1 . Plasma copper concentrations in patients suffering from gastrointestinal cancers were lower (13.7-15.9 µmol l -1 ) compared with the control group (17.1 µmol l -1 ). Plasma copper concentrations (44.7 µmol l -1 ) were nearly three-fold as high as in the control group only in patients suffering from oesophageal cancer.
A comparison of copper concentrations before and after the surgery demonstrated that there was a statistically significant decrease after surgical treatment of oesophageal cancer. Statistically significant differences between copper concentrations in all the three groups were observed with regard to tumour location (Table 3) . Copper concentrations in cancerous tissues ranged between 10.3 and 36.7 µg g -1 protein, and in control tissue between 6.3 and 22.6 µg g -1 protein. In the cancerous tissue of the oesophagus, copper levels were twice as low as in control tissues, while in the other cancers, tissue copper concentrations were higher. The differences were statistically significant (p<0.05). Statistically significant differences between copper levels were also observed in regard to tumour location (Table 4) .
The study carried out by WITKOWSKI et al. (1993 ) and NIEDZIELSKA et al. (2000 , 2004 has also demonstrated that copper concentrations were lowered in the cancerous tissue of the larynx and oesophageal. However, the study conducted by DARADÓ et al. (2005) has shown that copper levels were higher in cancerous tissues than in healthy tissues in the large bowel and, as observed by YAMAN et al. (2007) , also in the stomach.
Low plasma copper concentrations and high tissue copper concentrations may be associated with the repositioning of copper from blood to tissues as a result of malignant processes. Elevated plasma copper concentrations correlating with its low concentrations in cancerous tissues in oesophageal cancer remain to be explained.
Plasma manganese concentrations in subjects suffering from cancer ranged between 1.27 and 1.81 µmol l -1 and were lower than its concentrations in the control group (3.03 µmol l -1 ), which was statistically significant.
Mn levels before the surgery did not significantly differ from its levels on the seventh day after the surgical treatment, but there was a statistically significant (p<0.05) increase in manganese concentrations on the seventh day after the surgery in comparison to its values before the surgery in group II. Moreover, statistically significant differences in manganese levels prior to the surgery between groups I, II and III were observed (Table 5) . As a component of superoxide dismutase (MnSOD), manganese is involved in the process of eliminating free radicals generated in metabolic changes. Its low plasma levels may be linked to low MnSOD activity in the course of malignant disease processes caused by intense oxidative stress and overproduction of free radicals. CONCLUSIONS 1. Malignant disease processes cause changes in trace element status both in plasma and in cancerous tissue.
2. Copper concentrations are elevated in plasma and in cancerous tissue of the patients, while zinc and manganese concentrations are low compared with the control group.
3. Surgery affects concentrations of the elements to various degrees, depending on the location of removed cancer (oesophageal cancer, gastric cancer, colorectal cancer).
